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SECTION II.-GENERAL METEOROLOGY. 
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To the average reader the enorniity of these figures 
is perha s best realized when lie translates them to feet. 

because of the estrenie depth of snow, the seasonal snow- 
fall for Summit, Cal., for a period of 44 years is repro- 
duced herewith in Table 3. An idea of thp winter In 
scape a t  Summit may he had froni figure 7 oppos 

Partly I! ecause of the length of the record a i d  partly 

TABLE 3.-Seasonal snovfiill at Sicmniit, C'nl. 

[Lnt.. 39" 19' N.; long., 1%' 10' W. Elevation, 7,017 Ieet.] 

11- inter. 

1SiO-71 
lsil-ia 
152-73 
1S73-74 
1SiCi5 
1S75-76 
1S76-77 
1877-is 
lS76i9 
18i9-Nl 
IlW-Sl 
18S1-82 
lSSLS3 
lW?-&i - lSSCs5 

Snowhll. 

InChFS. 
300 
550 
351 
200 
2M 
535 
lis 
341 
446 
7s3 
154 
492 
299 
482 
202 

Isrbrs. 

373 
40; 
4 3  
375 
514 

3411 
44'' 
341 
5ti3 
a;; 
2s 1 
-1:; 

,119. f i  

4-10 

wr? 

1- 
e. 

Furnishing, as it does, iiiost of thc mnt.er t,lint. is usc.cl 
for irrigation purposes in Cdifornin, the sn(w of the high 
Sierras is sonietinics a.pt1-y rcferrcd to ns tlic lifo l>looil 
of the State. The farnier is great.ly intert.st,tzil JJc~cmsc 
he wishes to know in aclvance how much writer thew is 
available to grow the coming seti~soii's crops. The 
hydraulic engineer, using w-:i ter for power pur~~osw,  is 
interested for obvious reasons. The hydrnulic niiiier nlw 
was until recent,ly interested in the amount, of siiow. 
The railroad engineer, concerned wit,li the iiiniiit.eiiiinc.c. 
of way, is also involved, as t,he t,ask of keeping :I. t.rii.ck 
clear under conditions of such excessive siicwfnll is  iti it, 
an easy one. To 
the average visitor to t>liis region, how-cvt)r, t.lit. amt I U I I  ta 
of snow on the pound is a most, iiiipressive sight,. l h x c ~ l  
upon the records of the past, nine ywis,  the nveriigr 
aniouiit of snow on the ground a t  three select.cc1 st.n.t.ions 
is given in Table 4. 

(See figs. 3, 6, 10, 13, opposit,e 1). 21 S.)  

Dates. 

Inelus. Inrlrta. 
Dee. 1 ............................................ < n 
Dec. 15 ........................................... 2; 29 
Jan. 1. ........................................... +? 44 
Jan. 15 ........................................... 75 h? 
Feb. 1 ............................................ 8s 1'23 
Feb. 15 ........................................... 94 r2fJ 
Maw. 1 ............................................ WJ 127 
Mar. 15 ........................................... 100 1.10 
Mar. 31 ........................................... 101 11s 

I I 

THE MEASUBEMENT OF SNOW. 

It is not the purpose of this paper to discuss the merits 
of the various methods of ineasuring snow. For ii tlis- 
cussion of that subject the reitder is referred to Wcnthcr 
Bureau instrument division Chulnr  E, ciititletl "Meas- 
urement of Precipitation, " by Prof. C!. F. hfnrvin. It, is 
suflicient to say that the accurate nieasurcnieiit of pre- 

in the form of snow is an esceedingly 
and one which has not yet been satia- 
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FIG. 1.-Snow Eelds near the summit of the Sierra Nevada. 
FIG. 2.-E?outhern Psciflc Company snowsheds new Emigrant Gap, Cal., in v-inter. 

FIG. 3.-Street scene in Hobart Mills. Cal., in winter. 

I 
II 

FIG. b.-Snow fields and railroad snowshods near CISCO, Cal 

FIG. %--Winter scene at Ho 

FIG. I.-Headwaters of Truckee River, near Emigrant Gap, Cd. 
d 
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is deinanded in snow of so great a depth. \\%en t.he 
miter went officinlly to inspect, tliia station on Mmch 1, 
1915, it was with sonic rlifficu1t.y that he 1ocn.ted the gngr., 
as it was completely submerged in the sriow. its topmost 
point being 19 inches below the snow siirface. 

The density rather than the r1ept.h of the siiow is, :ift.er 
d, the iiiiportant, iiiatter. The water cont.ent,, both cif 

newly fallen snow* ~ n d  of that on t,he gouiit:l a,t, any nuo 
h e ,  is the informution clesired by iiiost, people. For 
new snow the Ma.rvin shielded gc~ge: referrrd t>o dxivc. 
is perli'hnps tlie most snt,ivfiict,ory mst.rument yet der i sd .  
For determining froin t,iine to time the w i t h  tn-:iilalde 
in snow remaining on the ground nia.~iy aiid various nit?t,li- 
ods have been tried. 

Inve&ig:itors agree that. a desiralrlr method is t.o nircrfully wc-eizli :ti7 
rccurately measured voliinie. Bfr. G .  H. Killsnn.~ sec,tion rlirel*tt-Ir FOP 
Cdifornia, has long been of t.he opinion thnt the hwt mrt.lic~d of deter- 
mining the wat.er avnila1,le in snow on the ground is t.o securc t,lie mcin 
weight of o cubic foot of s n o ~  throughout ii vert.ical section OI the snow 
pover. His conclusions hm-e the hearty approval of many engiiicers 
md other practical nien interest.ei1 in this proldeni. 111 theory the 
method is perfect. In pmct.ice. however, great difficult.ies :ire eil- 
count,ered. and the method is not, recommended for geiiernl 11s~'. It, is 
impplicable when tlie snow is soft. t.lie consistency of t.he snow midw- 
ing it irnpossiljle to get cubes. Moreover. in any kind of snow i !ue is 
required to form perfect cubes. exactly 1 foot in every dimciir;inn, in 
prtlcrr to produce reliable results. Furthermore, the method is exceed- 
ugly I:il.winiw, 1iart.iculnrly wlim t.lie snow is deep, :ind it nften requiria 
more t.ime than the cooperative oGsor\-en r:w to give to the work. 

The method of measuring the weight of a pnilful of 
snow, resrling t,he density clirect.ly on B suit,ably laarlwrl 
spring bali~iicr, a.nd then mult,ipl.;.iiig t.he rleptli of thv 
layer by t,lie density thus ilet,eiiiiinecl, hcts soiiie nd- 
y t a g e s .  But wlien the siiow- is deep ancl has wit.liiii it. 
ice strata or layers of varying density, as is frequently 
the case, consiiIerable lnbor is involved in securing the 
true average density with the snow pail. The iiiet,lid of 
cutt,ing out nntl nieiisuring t.uhu1n.r sectrions ? has hcen 
used successfully by Prof. J. E. Church, of the University 
of Nev~da ,  in extensive ohservnt.ions in the Sirrr:i,s iii 
snow PO t,o 30 feet deep. Prof. Church introilurd thi! 
 US^ of t,hc spring hdil1ice for eff ect,iiig t,lic nimsiirenir1> t.s 
nnd otlierwse i~ i iprovd tho whole alq)arn t,ns. 1 1 1  C ' d i -  
foriiia there is IE growing tlcni:iiid anioiig iiiount.niii siiow- 
fall ohserverv for some prw ticable itcic.ur.at.e me t.hotl of 

. meflsurenien t. 

CONDITIONS ACCOMPANYING HEAVP SNOWBALL. 

It might, he contended thtit the clata of hemp s~iow- 
fall here given are based upon iii~:i,siireiiieiit,s ninde in 
canyons aiid gulches, where the wind has t,r:msport,nil 
the snow, and the figures are t,licrefore iiiis1e:i~tliiip. 
This is not true, howerer. During the xist w-inter, at, it 
time when 192 inches of siiow coverec \ t.he gomid :it 
Smiimit, eight iiieasureiiieii ts of the c1cpt.h of siiow on 
level ground a t  widely sepnritteil points on t,hc iiiouiit i n s  
in the vicinity of the station were nia.cIe, with the resultr 
t,hat the depths varied only froni 190 t.n 194 inc*lics- - 
t,hrtt is, but 3 inches on each side of that at  Suniiiiit.. It, 
should also be stated t.liat., as it,s n ~ i i i e  indicates, Sunuiiit, 
is located a t  the very rtpes of the mountains, a t  the 
highest point on this branch of t,he Southern I'ncific 
Railroad. While tho exposure is not. esact,l>- t.hat. of a 

eak, thrre is no point in tlic vicinity iiiore t h i i  11. f t w  
Eiindrec~ feet higher tlinri tlie level plot where t,lio siiow 
iiiea~iireiiic~iit~s are made. A s  n. matter of fact t.lw 

' winds at  t.liese elevated stat.ioas are a,lwa.ys relat,irclly 
light ti.nd are in 1iiarkc.d contritstv with veloc!it,ies recorrlctl 

1 See remarks by Mr. R'illaon at end of this paper. 
2 See Prof. Henq's remarks at end of this pager. 



220 MONTHLY WEATHER REVIEW. 

noonday thaw, the weight, of the frozen crust is borne by 
the submerged object, not only the crust, tlirec.tJy over it, 
but ttlso that for liitt1iysclu:irefeet in every dircctic~n. More 
snow falls uncl the increaseil weight must ~ J C  1wr11c hj- t.lw 
object beneath. The roccss is repe:ittxl owr :~nd  o w r  

niergecl object, is either crushed or forced t.1, t,litb grouni!. 
A vertical post, clwply snlmiergcil j i i  snow is in S I J I N ~ ’  
respects like a tondst.oo1. in that i t  must. ~ust,iiiii t.hr weight 
of a large disk wliicli rcbst,s liorizont,:illy iipcin. tSie t,op o f  
its vertical asis. 

again, and if the S J ~ O W  P .)enoiiies sufliciently dwl> t.he suli- 

stmtod the steep ascent, on the enstorn side of the Sierras. 
A fcw days latm, when t.hey had advancecl no farther than 
n sniixlll h e  (now known as Doliner Lnke) but a few 
milis €rom Triicke~, n t,ypical win ter st.orm brought .wow 
of so p ; r t  a dcptsli that tlic liorscs and cattle wore sub- 
i i i c q p ? i 1  m t l  frozen, ruid t,hc plrt-y was cnst into despair 
;It t h  prospect nf slwncliiig a winter without shelter or 
provjsioiis. Tlit? denper snow- of tho higher nltitudcs 
rc 11 ili?r(? t 1 :ti 1 I- a.i icciiien t ii,lnios t inipossiblt! , while re t,rr: n t 
:I.]) wn.rsi1 bo 1 ~ .  licqwli!ss. ‘Illin gilrrisoli :It, 011~ of tht! 
(.’Jiforih forts, :i,nticipii.ti~ig tht? distxcss of t.he Doiincr 
partyq scut, two Iiiditms ~~-it~li~~ro~isioiisIi~ritsreliirf. When, 

Of 
in nii~lwiiiter, t h  food s~ipply again .ran low, n 
22 cleapwnte ~iicn, known to  postqit,y as the “ For or11 
Hope,” start.tx1 to  cross t.he summit of t!ie iiiountniiia. 
Of t.liese, hut, 7 crc~it.utilly rcnched the fertile Sitcritnicnt,o 
l-dlcy. * * Dthnth also rcduced the iiuml-ier of 
thnsi. encnmpcd :it, t,lic lake. From time to time other 
parties n.t,teiiipt,cd the ti. >pitrendy impossible fcnt of 

iiig the mounta.ins. b n  Fchrunry 19, 1S47, 22 iect 
of snow covered t,he ground in the vicinity of the canip. 
\,Vhtw suctwr finally omie in the late wiiit,er, but two iiirii 
were found nlire. * * * Of thc S3 d i n  st,:i.rbecl tha 
n a c m t .  t,lic prccrtling October, 42 pcrished during tlie 
fat.cfu1 wiiitm. Tlic? st.ory of tlic primt.ions of t h  
Donner ptirty is one of the iiiost pitiful tales in Aliielicitn 
his t.ory. 

Bioclerii iiiethods of t.ransport,ntion have now eliniiiintcd 
the barrier of t.he snows. In  the coiistruct.inii of t,lit. 
wtrious ridrnxds, engii!ecring feats of high order were 
11 ~.ccssn.ry t.0 c.on t.ciii1 wi tli previously unhenrd of tlep t.hs. 
While. t.he part 1,litycd by t.he sliow is not, so spect,ttculnr 
at, the present time :is it was duiing the clttys of the 
p i o n t ~ ~ r ~  the influcmcc is nonr tlie less iniportant. Modern 

impeJinient. t,o progress, iiit>o one of tl!e valusblc re- 
soiirces of the Coirmionweitlt,li of Ctiliforiiia 

~ ~ r t t c t ~ c e ~  hive  ~hi1.11pi.d t,he s1lc)\v thitt ww foilnerly an 
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Fro. l2.--A railroad push low clearing the tracks of the Southern Pacilic COmpanS 
FIG. 11.-The Marvin shielded rain-and-snow gage in nneration at Blue Canyon, Cal. near Hobart M&, Cal. Note depths at side of cleared tracks. 
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The following description of the Kadel apparatus is 
extracted from an unpublished manuscript by Mr. 
Hade1 : 3 

For the purpose of olhining mniples of snow, tubes of No. 16 gauge 
galvanized iron. with an inside diameter of S.94 inches. which gives 
the relation 1 pound of anow equals 1 inch of water. were nserl. Each 
tuhe consists of a 2-foot section and a 3-foot wrtion. with a notrhrd 
collar attached to  the 3-foot wction in such fashion that Ijotli tiiltps 
may he juiiiecl together. \Vhm a sample is desiretl, the tiilw is bet 
down rather forcihly into the snow, a) that tlic luwcr end rests on the 
ground. -1 specially designell auger is then screwell down 11iroiigli 
the imprisoned s i i o ~  to the. bottom. when a pin that p a w s  through a 
hole in tlie auger handle rests on the top rim of thc tihe.  The wliole 
is then withclrawn l q -  lifting the tube. the mig!it of the auger rind the 
snow sample heing si1 ported l q -  the cross pin. The snuw is then 
emptied into a pail snrrn-eighd on a spring Idanre. 

The apparatus above described is shown in fiuurr 13. 
It leaves no uncertainty as to the accuracy of h e  final 
results after the sample has been taken, aiicl likewise it, 
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FIQ. I3.-The Endel suow ssmpler. 

is always possible to secure mi unhrokcm saiiiplc, ewn 
when the snow is loose and granular in structure. 

Some corn arative nieaaurmieiits were iiinde at, Wag(iii 
Wheel G?, bolo., under uniform conditions of c~eptli nntl 
testure o snow, using tlic. three diflercnt fornis of snow 
density apparatus then a-milable. Yiz, ( 1 )  the Kadcl a - 
aratua, diameter of collectiiiu tube 5.94 inches: ( 2 )  t P ie 

Leather Bureau apparatus, &meter of collecting tube 
2.75 inches; (3) the Church apparatus, diameter of cut- 
ting edge 1.5 inches. The records of these iiieasurriiieiits 

- . . . . .. _. 
8 See also this REVIEW, January, 1913,M: It%, ?d col. 


